Introduction: Hemiarthroplasty is the preferred treatment for displaced femoral neck fractures in elderly patients. Recently, short tapered-wedge cementless stems have increasingly been used in this population. However, historic data has consistently shown higher rates of periprosthetic fracture with uncemented stems in hip fracture patients. This study aims to evaluate the rate of periprosthetic fracture requiring re-operation and all-cause mortality between cemented and uncemented femoral stem designs including more recent short tapered-wedge cementless stems in hip fracture patients. Methods: A retrospective chart and radiographic review of patients received bipolar hemiarthroplasty for femoral neck fractures from 2010-2016. Patients biologically (age ≥ 65 years) or physiologically (American Society of Anesthesiologists (ASA) class ≥ 3) elderly were eligible. The uncemented group was subdivided into tapered-wedge stems (a broach only system) and reamed uncemented stems. The primary outcome was periprosthetic fracture requiring re-operation. Results: We included 657 patients in total, with 296 and 361 patients in the uncemented and cemented stem groups respectively. In the uncemented group there were 197 tapered-wedge and 99 reamed uncemented stems. There was a significantly higher rate of periprosthetic fracture requiring re-operation in the uncemented group (3.0% vs. 0.6%) (p ≤ 0.05). There were no significant differences in rates of all-cause mortality, infection or all-cause re-operation. Conclusions: Compared to modern uncemented femoral stem designs, cemented stems yield lower rates of periprosthetic fracture requiring re-operation, without increasing risk of all-cause mortality. Tapered-wedge stems had similar rates of re-operation due to periprosthetic fracture as reamed uncemented stems.
Introduction
Hip arthroplasty has become the standard of care for displaced femoral neck fractures in elderly patients. The percentage of femoral neck fractures treated with arthroplasty has increased from 3% to 61% between 1998 and 2010. 1 The hip fracture population is unique in arthroplasty as the majority of these patients have very poor bone quality and an increased risk of falls, putting them at increased risk of periprosthetic fracture. [2] [3] [4] [5] In most of these elderly or frail patients only the femoral side is replaced in a procedure known as hemiarthroplasty. This procedure allows for early weight-bearing with a relatively low risk of re-operation.
There are numerous femoral stem types used in hemiarthroplasty that can be broadly grouped into cemented and uncemented. 6 Current literature including national joint replacement registries suggests that cemented stems are indicated in femoral neck fractures due to immediate full weight-bearing capability, less postoperative mid-thigh pain, lower risk of intraoperative fractures, and fewer late fractures requiring revision. [6] [7] [8] [9] [10] Although it is well established that uncemented femoral stems result in higher rates of periprosthetic fracture, 7, [11] [12] [13] [14] uncemented stems continue to be used due to concerns around cemented components such as increased operative time and cardiopulmonary complications. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Therefore, periprosthetic fracture continues to be a major complication of treatment for femoral neck fractures, and treatment of periprosthetic fracture has a high incidence of complication and additional re-operation. 7, 11, 18, 19 However, the majority of the literature focuses on the performance of cemented hemiarthroplasty compared with a press fit monoblock design such as the Moores hemiarthroplasty, which may not be representative of complication rates using a modern uncemented stem design. 20 Currently, there is a paucity of literature evaluating modern uncemented femoral stem designs in the elderly hip fracture population. 13, 20 In particular, there is a lack of evidence to support the use of uncemented short tapered-wedge stems despite their popularity for treating hip fractures. Although these stems have demonstrated excellent shortterm clinical results in primary arthroplasty for osteoarthritis with survivorship estimated at 99.5% at 2-year follow-up in one study, 21 they may have a higher rate of early periprosthetic fracture in the hip fracture population due to poor bone quality and the tapered-wedge design. 22 Therefore, the purpose of this study was to assess the rate of periprosthetic fracture, re-operation, and all-cause mortality between cemented and modern uncemented femoral stems in hip fracture patients. Our hypothesis is uncemented stems would have a higher rate of fracture and re-operation than cemented stems. Furthermore, we hypothesise that short tapered-wedge uncemented stems would have a higher rate of fracture than reamed uncemented stems due to the concentration of forces in the trochanteric region of the femur in patients with poor bone quality.
Methods
We retrospectively reviewed all patients admitted to the regional level one trauma and tertiary care center for femoral neck fractures that were treated with bipolar hemiarthroplasty. All patients managed between January 2010 to May 2016 were screened for eligibility. Patients were identified using the hospital's diagnostic and operative code system. The operative report, anesthesia record, surgical implant records, discharge summary and radiographs were reviewed for all patients. The institutional research ethics board approved this study.
Patients treated with internal fixation or total hip arthroplasty (THA), any medical condition precluding surgery and other reasons for operation besides hip fracture, namely osteoarthritis, were excluded. Patients who were deemed biologically (over age 65) or physiologically elderly (American Society of Anesthesiologists [ASA] class III or greater) and were treated with hemiarthroplasty were considered eligible for the study. For included patients, variables including age, sex, surgical approach, ASA physical status score and Dorr classification were obtained from electronic medical records (EMR) and radiographs. Patient status as alive or deceased on most recent follow up was also recorded.
Surgical implant records were used to determine the specific type of femoral stem implant used in the procedure and cemented or uncemented designs were separated. The uncemented group was further subdivided into tapered-wedge stems (a broach only system) and reamed uncemented stems (all designs requiring distal reaming of femoral canal). Austin Moore (AM) stem designs were excluded from the study as the focus was to evaluate postoperative outcomes between contemporary uncemented and cemented femoral stem designs. Additionally, AM stem outcomes are well documented in the literature. 20 Patient outcomes of all-cause mortality, re-operation due to periprosthetic fracture within 1 year of index surgery, any periprosthetic fracture (defined as any additional surgical intervention required at time of surgery, i.e. cerclage wiring, or in the post-op period) and all-cause reoperation including reason for re-operation were recorded during chart review. The primary outcome metric was reoperation due to periprosthetic fracture.
Data entry was conducted in Microsoft Excel 2016 (Microsoft Corp, Redmond, WA, USA) and data analysis was performed with SPSS version 23.0 (SPSS Inc, Chicago, IL, USA). The results were assessed using chisquare analysis to compare outcomes between cemented versus uncemented stems, as well as cemented stems versus uncemented tapered-wedge stems.
Results
709 eligible patients who received hemiarthroplasty during the study period were identified. 52 cases where an AM stem was used were excluded leaving 657 cases included in the study, with 296 and 361 patients in the uncemented and cemented femoral stem groups respectively. The uncemented femoral stem group was further divided into 197 (66.6%) tapered-wedge and 99 reamed (33.4%) stem designs. Postoperative x-ray images of these femoral stem designs are seen in Figure 1 . The patients had an average age of 80.9 (range 46-101) years. The gender distribution was 70.5% female in the uncemented and 76% female in the cemented group.
There was no statistically significant difference between uncemented and cemented stems in terms of age, sex, or ASA classification. The Dorr classification varied significantly between the uncemented and cemented stem groups, with Dorr class B as the predominant categorisation at 78.4% and 89.3% respectively (p = 0.001). The patient demographics organised by cementation status can be seen in Table 1 .
Separating the uncemented stems into tapered-wedge and reamed uncemented stems revealed no significant difference between the two uncemented groups and the cemented group in terms of age, sex, or ASA classification. The Dorr classification varied significantly between the uncemented tapered-wedge, reamed uncemented and cemented stem subgroups, with Dorr class B as the predominant categorisation at 77.8%, 78.8% and 89.3% respectively (p = 0.030). The patient demographics organised by subgroups can be seen in Table 2 .
There was a statistically significant difference in rates of all periprosthetic fracture between uncemented femoral stems and cemented stem designs at 34 (11.5%) and 14 (3.9%) cases respectively (p = <0.001). There were 11 (3.7%) and 5 (1.5%) re-operations due to all-causes in the uncemented and cemented groups respectively (p = 0.054). In the uncemented group, there were 9 reoperations due to periprosthetic fractures and two re-operations due to conversions. In the cemented group, there were two re-operations due to periprosthetic fractures, one due to infection, one due to conversion and one due to instability. There were no significant differences in the rates of infection, conversion to total hip arthroplasty, or all-cause mortality (p > 0.050). The full results can be seen in Table 3 .
Comparing the uncemented stem types individually, there was a significant difference in rate of re-operation due to periprosthetic fracture between the tapered-wedge 6 (3.0%), reamed uncemented 3 (3.0%) and cemented stems 2 (0.6%) (p = 0.047). There was a significant difference in rates of periprosthetic fracture between the uncemented tapered-wedge stems 19 (9.6%) the reamed uncemented stems 15 (15.2%) and cemented stem designs 14 (3.9%) (p ≤ 0.001). There was no significant difference in rates of all-cause re-operation between uncemented tapered-wedge stems at 8 (4.1%) cases, reamed uncemented stems at 3 (3%) cases and cemented femoral stem groups at 5 (1.5%) cases (p > 0.050). There was no significant difference in rates of infection, conversion or all-cause mortality between the 3 subgroups. Analysis of postoperative outcomes based on subgroup is shown in Table 4 .
Discussion
Hemiarthroplasty is the most common surgical intervention for femoral neck fractures. 4, [23] [24] [25] Beyond procedural modality, the current literature supports the use of cemented over uncemented femoral stem designs due to their immediate weight bearing potential, as well as lower rates of periprosthetic fracture, re-operation and immediate postoperative complications. 4, 6, 12 Irrespective of the growing evidence, there is a bias against the use of cemented stems due to concerns regarding intraoperative haemodynamic collapse and embolisms. 6, 22, 26 Furthermore, newer uncemented tapered-wedge stems are being used without extensive evaluation, despite the developing notion that they may exacerbate issues surrounding periprosthetic fracture and subsequent re-operation and complications. Hence, this study sought to compare modern cemented stems and uncemented tapered-wedge stems in a representative patient population. To our knowledge, this is the first paper to evaluate the use of shorter uncemented tapered-wedge stems in patients with femoral neck fracture treated with bipolar hemiarthroplasty. As shown by Table 1 , our study subgroups were There was a significantly increased rate of periprosthetic fracture requiring revision in the uncemented stems 9 (3.0%) compared with the cemented stems 2 (0.6%) (p = 0.013). X-ray imaging of various periprosthetic fractures is seen in Figure 2 . derived from predominantly elderly females, classified as Dorr type B reflecting proximal bone loss and moderate cortical walls, and ASA class 3 representing multiple comorbidities common in the geriatric population. Thus, our patient pool accurately depicts the common femoral neck fracture patient. The patient demographic table also shows similar variable distributions between the subgroups to enable valid comparability. The most significant finding of this paper is the high rate of re-operation (3%) due to periprosthetic fracture in all uncemented stems within 1 year of the index surgery. This corresponds to existing literature showing a higher rate of periprosthetic fracture with uncemented stems. [11] [12] [13] 22, 27 Estimations of periprosthetic fracture rates for cemented and uncemented stems range greatly, likely due to the broad categorisation of stems varying in several characteristics to a single feature of cementation. 28 Our findings are within the approximated rates for cemented and uncemented stems of 0.9-3.8% and 7-14% respectively. 3, 7, 11, 22, 29 Compared with the total hip arthroplasty literature the higher rates of periprosthetic fracture in the hip fracture population are likely attributed to a more vulnerable patient population, which has a higher risk of falls, a high rate of Dorr B/C femurs and a majority of patients being classified as ASA class 3 or higher. Higher ASA has previously been independently associated with risk of periprosthetic fracture by Moreta et al. 8 who correlated a 1.5 to 2.5 × higher fracture rate in ASA classes III and IV. 8, 29 Interestingly, our hypothesis that the short taperedwedge stems would have a higher rate of re-operation due to periprosthetic fracture than reamed uncemented stems was not borne out by the results. Both groups demonstrated an identical 3% re-operation rate due to fracture. It is possible that with a larger cohort, small differences would be found. However, based on the results of this study both types of uncemented stem in our study were associated with a significantly increased rate of re-operation due to fracture in this patient group and should be avoided. There was no significant overall difference in rates of death or all-cause re-operation both among the 3 femoral stem subgroups (Table 3) as well as the broader uncemented versus cemented stem categories (Table 2 ). This is in keeping with the case control study of Grammatopoulos et al. 30 comparing 412 uncemented and cemented femoral stems, demonstrating no overall difference in the rate of re-operation or death at 1 year. However, both our study and the reference were underpowered for this outcome and it is likely that with a larger sample size a higher overall re-operation rates would be found.
One of the major concerns with using cement in the fracture population is the risk of cardiopulmonary collapse. In the largest case series on the topic a 0.4% rate of intraoperative death was found in the cemented hemiarthroplasty group. 31 However, in that paper they note a drop to near zero rate of events after adoption of conservative cementation techniques and more proactive anesthetic care. In this study there were no cases of intraoperative death and no significant difference in all-cause mortality supporting the idea that the use of cement is safe in the fracture population (Table 2 ). This agrees with the existing literature on the topic. 4, 11, 12, 18, 27, 32 Our patient demographics in Table 1 illustrate a higher proportion of ASA class 4 subjects in the uncemented group, implying a possible bias for very sick patients in this treatment arm. This would theoretically translate to a higher risk of fracture. However, there was only one fracture requiring re-operation in all 40 ASA class IV patients between the treatment groups. This is a similar rate as the rest of the group, suggesting it did not overtly affect our results. Interestingly, despite having a higher overall proportion of patients with Dorr classes B and C representing worse bone stock, the cemented femoral stem group still had significantly lower rates of periprosthetic fracture.
The main limitation of this study is the possibility of selection bias due to the retrospective nature of the study. As mentioned previously, our sample demographics are highly representative of the hip fracture population and without appreciable differences between treatment subgroups. Hence, we believe this is not an issue that would prevent the ability to draw meaningful conclusions from our results.
Conclusion
Our study supports existing literature that compared with modern femoral stem designs, cemented stems continue to yield lower rates of periprosthetic fracture and subsequent re-operation due to fracture without increasing risk of allcause mortality. Upon considering the equivalent all-cause mortality rates, reduced rates of periprosthetic fracture, reoperations and complications, as well as benefits conferred from immediate postoperative weight bearing, any possible cardiopulmonary risks associated with cemented stems are likely acceptable. Ultimately, given the higher rates of periprosthetic fracture and re-operation in uncemented stems, our study supports historical literature advocating for the use of cemented femoral stems in the hip fracture population.
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